Protein extracts obtained from cells or tissues often require removal of interfering substances for 1 2 2 7 analysis. 2 8
1 0 1 g for 3 min and the supernatant was discarded. The protein precipitate was washed with 80% 1 0 2 acetone, followed by centrifugation as above. The wash step was repeated once or more. Protein dissolving. The protein precipitates were air-dried for a short duration (1-3 min) and 1 0 4 dissolved in a buffer of choice for protein analysis. Notably, the precipitates should not be 1 0 5 6 over-dried as this makes it more difficult to resolubilize them. 1 0 6 TCA/ acetone precipitation 1 0 7 TCA/acetone precipitation was done exactly as previously described [10] . Briefly, plant tissues 1 0 8 were pulverized to a fine powder in a mortar in liquid N 2 . The powder was suspended in 10% 1 0 9 TCA/acetone and kept at -20°C overnight. Then, the samples were centrifuged for 30 min at 1 1 0 5,000 g at 4°C. The resultant pellets were rinsed with cold acetone twice, and each step involved 1 1 1 a centrifugation for 10 min at 5,000 g at 4°C. The protein precipitates were air-dried for a short 1 1 2 duration (1-3 min) and dissolved in a buffer of choice for protein analysis. One-step acetone precipitation was performed as described recently [20] . Protein extracts were 1 1 5 precipitated with 6 volumes of cold acetone and kept at -20°C overnight, followed by two 1 1 6 pellet-washing steps, each with cold acetone. Protein pellets were collected by centrifugation at 1 1 7 10,000 g at 4°C for 30 min, air-dried for 15 min in the ice box, and dissolved in a buffer of 1 1 8 choice for protein analysis. For SDS-PAGE, protein precipitates were dissolved in a SDS-containing buffer (0.5% SDS, 1 2 1 50mM Tris-HCl, pH 6.8, and 20 mM DTT). Protein concentration was determined using the 1 2 2 Bio-Rad Bradford assay kit (Bio-Rad, Hercules, CA) [24] , but performed on a micro scale, i.e., 1 2 3 10 μ l of standard or sample solution was mixed with 1.0 ml of diluted dye solution. In this way, 1 2 4 the final concentration of SDS in the mixture was 0.005%, which was compatible with the 1 2 5
Bradford assay. Prior to SDS-PAGE, protein extracts were mixed with appropriate volume 4 x 1 2 6 SDS sample buffer [25] . For 2DE, protein precipitates were dissolved in the 2DE rehydration 1 2 7 solution without IPG buffer to avoid its interference as we described before [26] , and protein 1 2 8 concentrations were determined by the Bradford Assay. Subsequently, the IPG buffer was 1 2 9 supplemented into protein samples to a concentration of 0.5%. Isoelectric focusing (IEF) was performed using 11-cm linear IPG strips (pH 4-7, Bio-Rad). rehydration with the PROTEAN IEF system (Bio-Rad) for 12 h at 20°C. IEF and subsequent 1 3 7 SDS-PAGE, and gel staining were performed as previously described [27] . Digital 2-DE images 1 3 8 were processed and analyzed using PDQUEST 8.0 software (Bio-Rad). Protein samples were The spots with at least 2-fold quantitative variations in abundance among maize embryos, 1 4 1 leaves, and roots by two methods, respectively, were selected for mass spectrometry (MS) 1 4 2 analysis. One-way ANOVA was performed based on three biological replications. The selected protein spots were extracted, digested, and analyzed by the MALDI-TOF/TOF 1 4 4 analyzer (AB SCIEX TOF/TOF-5800, USA) as described previously [28] . MALDI-TOF/TOF 2018; species, Zea mays, 719230 sequences). Only significant scores defined by Mascot 1 4 8 probability analysis greater than "identity" were considered for assigning protein identity. All the positive protein identification scores were significant (p<0.05). The unidentified proteins were searched by BLAST using Universal Protein The development of the modified TCA and acetone precipitation 1 5 9
SDS-PAGE

2-DE and MS/MS
Rather than preparing tissue powder by extensive TCA/acetone rinsing using the classical 1 6 0 method, we directly extracted proteins in cells or tissues and then precipitated proteins in the The ratio of TCA and acetone was optimized in initial tests (Fig. 2) . We compared the effect were observed in TCA concentrations of 5-20% ( Fig. 2A) . At a fixed 10% TCA, protein patterns 1 7 0
were quite similar with different acetone ratios, but the background was clearer with increased 1 7 1 acetone ratio ( Fig. 2B ). Based on the quality of protein gels, we chose the low ratio combination 1 7 2 of 10% TCA/50% acetone (final concentration) for further testing. As opposed to aqueous TCA precipitation, proteins precipitated by 10% TCA/50% acetone 1 7 4 are easy to dissolve. After incubation on ice for 10 min, protein precipitates were recovered by 1 7 5 centrifugation and washed with 80% acetone thrice to remove residual TCA in the precipitated SDS-PAGE, IEF, or iTRAQ analysis. Evaluation of the modified method 1 7 9
First, we made a comprehensive comparison of protein yields and resolution in 2-DE by the 1 8 0 9 modified and classical methods. The protein yields were slightly higher in the modified method For all materials tested, 2D gels obtained with the two methods were generally comparable 1 8 5 regarding the number, abundance, and distribution of protein spots, without profound deviations Fig S1-S3) ; however, several protein spots exhibited at least 2-fold differences in 1 8 7
abundance. For example, spots 1, 2, and 4 were more abundant in maize roots by the modified 1 8 8 method, whereas the classical method resulted in more abundant spot 3. Of the 11 differential 1 8 9
abundance proteins (DAPs) selected for MS/MS identification, nine were identified with 1 9 0 MS/MS analysis (Table 2 ). In particular, the modified method selectively depleted globulin-1 in 1 9 1 maize embryos ( Fig. 3 ). Our recent studies showed that globulin-1 (also known as vicilin) is the 1 9 2 most abundant storage protein in maize embryos [11, 29] , and selective depletion of globulin-1 1 9 3
improved proteome profiling of maize embryos [11] . Second, we analyzed each of the spot variations in 2DE gels obtained with the two methods 1 9 5 from three independent replicates Fig 4, Fig S4, Table S1 ). Particularly, for 2DE gels of maize maize embryos ( Fig. 3 , Table S2 ). Undeniably, there was a substantial variation in abundance 2 0 0 among spots in three independent replicates, which is an inherent drawback of common 2DE. Finally, we compared the modified acetone/TCA precipitation and simple acetone 2 0 2 precipitation methods (Fig 4, Fig S4) . Overall, the former produced good 2DE maps. Obviously, 2 0 3 some spots were preferably extractable to the extraction method, but more spots were lost after interest were subjected to MS/MS identification (Table 2) . Though simple acetone precipitation 2 0 6
worked well for some cell materials [20] . Many previous studies indicated that simple acetone 2 0 7 precipitation precludes production of good 2DE maps due to the presence of high levels of 2 0 8
interfering substances in plant materials. A recent research reported that protein loss is believed 2 0 9
to be an inevitable consequence of acetone precipitation of proteome extracts [30] .
In addition, it is worthwhile to note that aqueous TCA precipitation can cause severely 2 1 1 denatured proteins that are very difficult to dissolve; hence, this method is rarely used in 2 1 2 proteomic analysis. Thus, we did not compare aqueous TCA precipitation with the modified 2 1 3 method in the present study. The classical TCA/acetone precipitation method applies a strategy of removal of interfering harsh TCA/acetone [6, 18, 30] , thus affecting the outcome of MS/MS analysis. In contrast, the modified method described here uses a strategy of removing interfering 2 2 1 substances after protein extraction, taking less time and thereby avoiding protein modification suggesting another application of the modified method in proteomic analysis. In the modified method, final protein pellets were dissolved in the same 2DE buffer as in the 2 3 5 classical method, so protein profiles are highly dependent on the extraction efficiency in the 2 3 6 SDS buffer and precipitation efficiency by 20% TCA/acetone. We observed some significant, 2 3 7
repeated differences in abundance of several DAPs between the two methods. There were 2 3 8 specific DAPs associated with each method in different samples. However, the reason behind 2 3 9 this phenomenon remains unclear. We tried to analyze the hydropathicity, physicochemical 2 4 0 property, and subcellular compartments of these DAPs (Table 2) ; however, no definite 2 4 1 conclusion could be drawn. Understandably, different extraction methods can produce protein 2 4 2 profiles with substantial or subtle differences [32] , but these inherent differences are difficult to 2 4 3 explain, as discussed in a previous study [33] . It is important to note that protein loss is an To summarize, the greatest advantages of the modified method are its simplicity and fast.
4 7
Despite its steps being similar to aqueous TCA precipitation, the modified method circumvents 2 4 8 1 6 PMSF (added before use). All organic solvents were pre-chilled at -20℃and contained 5 mM Proteins were visualized using CBB. Table 2 The identification of the differential extracted proteins in maize using the two methods Note: For MS/MS analysis, differential abundance spots (>2 folds) were extracted, in-gel digested (trypsin, 37°C, 20 h), and analyzed by the MALDI-TOF/TOF analyzer (AB SCIEX 0 8 TOF/TOF-5800, USA). MALDI-TOF/TOF spectra were acquired in the positive ion mode and automatically submitted to Mascot 2.2 (http://www.matrixscience.com) for 0 9 identification against NCBInr database (version Sept 29, 2018; species, Zea mays, 719230 sequences). The search parameters were as follows: type of search: combined (MS + 1 0 MS/MS); enzyme: trypsin; dynamical modifications: oxidation (M); fixed modifications: carbamidomethyl (C); mass values: monoisotopic; protein mass: unrestricted; peptide mass 1 1 tolerance: ±100 ppm; fragment mass tolerance: ±0.4 Da; peptide charge state: 1+; max missed cleavages: 1. Unambiguous identification was judged by the number of matched peptide 1 2 sequences, sequence coverage, Mascot score, and the quality of MS/MS spectra. All of the positive protein identification scores were significant (p<0.05). 
Figure legends
